Fermentation with Aspergillus usamii almost completely degrades phytate phosphorus in soybean meal. Phosphorus excretion was investigated in chicks fed a fermented soybean meal-based diet. Thirty chicks were fed one of three experimental diets; a control soybean meal-based diet (total phosphorus, 5.2 g/kg; nonphytate phosphorus, 2.3 g/kg), a control soybean meal-based diet with added inorganic phosphorus (total phosphorus, 7.1 g/kg; nonphytate phosphorus, 4.0 g/kg), or a fermented soybean meal-based diet without supplemental inorganic phosphorus (total phosphorus, 5.8 g/kg; nonphytate phosphorus, 3.9 g/kg) for 4 wk. Body weight gain, the amount of retained phosphorus, and femoral phosphorus content were lower in the control group than in the phosphorussupplied group and the fermented soybean meal group. The latter two groups showed similar body weight gain and femoral phosphorus content. On the other hand, phosphorus excretion was markedly more in the phosphorus-supplied group than in the other groups. As a result, phosphorus retention (percentage of intake) was lower in the phosphorus-supplied group than in the fermented soybean meal group. In conclusion, fermentation improved phosphorus bioavailability in soybean meal and supplemental inorganic phosphorus was not necessary for the fermented soybean meal-based diet, which remarkably reduced phosphorus excretion.
phosphorus, and femoral phosphorus content were lower in the control group than in the phosphorussupplied group and the fermented soybean meal group. The latter two groups showed similar body weight gain and femoral phosphorus content. On the other hand, phosphorus excretion was markedly more in the phosphorus-supplied group than in the other groups. As a result, phosphorus retention (percentage of intake) was lower in the phosphorus-supplied group than in the fermented soybean meal group. In conclusion, fermentation improved phosphorus bioavailability in soybean meal and supplemental inorganic phosphorus was not necessary for the fermented soybean meal-based diet, which remarkably reduced phosphorus excretion.
INTRODUCTION
Soybean meal (SBM) is commonly used for poultry feeds. However, more than half of the phosphorus in SBM exists as phytate phosphorus (Smith and Rackis, 1957) . The digestibility of phytate phosphorus is low for poultry, and thus inorganic phosphorus is commonly supplied to SBM-based diets. Biehl et al. (1995) has suggested that the poor digestibility of phytate phosphorus induces an environmental pollutant through increasing phosphorus excretion: phosphorus in animal waste spread on the soil can reach into ground water and into ponds, streams, lakes, and oceans. Moreover, supplementation with inorganic phosphorus increases animal feed costs. Many researchers have tried to improve the digestibility of phytate phosphorus by such means as the addition of microbial phytase (Nasi, 1990; Nelson et al., 1971) or 1,25-dihydroxycholecalciferol (Edwards, 1993) to feeds. In previous experiments, fermentation of SBM with Aspergillus usamii almost completely degraded phytate phosphorus into inorganic phosphorus and improved phosphorus availability in chicks (Matsui et al., 1996) . The present study examined phosphorus excretion in chicks fed a fermented SBM (FSBM)-based diet.
MATERIALS AND METHODS

Diet Preparation
Fermented soybean meal was prepared by the method described in a previous report . Briefly, commercial SBM was steamed and approximately 8 × 10 7 spores of A. usamii were added to 100 g of steamed SBM. Then the SBM was fermented for 48 h. Following the first fermentation step, water was added to the product until moisture became 50% and the SBM was fermented again for 12 h. After the second fermentation, FSBM was dried at 45 C. The following three diets were prepared; a control SBM-based diet, a SBM-based diet supplemented with inorganic phosphorus (SBM+Pi), and a FSBM-based diet (Table 1) . 
Feeding Study
Thirty 1-wk-old male White Leghorn chicks with an average body weight of 88.4 g were used. Chicks were individually housed in electrically heated brooder battery cages for collection of excreta. The chicks were allowed free access to distilled water and experimental diets. The chicks were divided into three groups of 10 chicks each and were fed one of three experimental diets for 4 wk. Individual body weight was measured at the initiation and the end of feeding trial. Feed intake was recorded and excreta were collected in the last 5 d of the feeding trial. The chicks were exsanguinated under diethyl ether anesthesia and the left femur was collected at the end of feeding trial.
Analyses
Femora were cleaned of adhering tissues, dried at 100 C for 24 h, and weighed. The volume of the dried femur was measured using an Archimedean theorem (Whiting and Draper, 1981) . Specific gravity of the femur was calculated from the dry weight and the volume. The diets and excreta were dried at 135 C for 2 h. All samples were digested by nitric acid and perchloric acid for mineral analysis. Phosphorus contents in the femur, diets, and excreta were measured by Gomori's method (Gomori, 1942) . Calcium and magnesium contents in the femur and diets were measured using atomic absorption spectrophotometry. 2 Dietary phytate phosphorus content was measured by AOAC procedure (1990). Nonphytate phosphorus content was calculated from the contents of total phosphorus and phytate phosphorus. Phosphorus retention was calculated from phosphorus intake and phosphorus content in excreta.
Statistical Analysis
All data were tested by one-way ANOVA using the General Linear Models (GLM) procedure of SAS ® (SAS Institute, 1985) at the probability level of P < 0.05. Significant differences among the means of each group were determined using Duncan's new multiple range test (Duncan, 1955) , when the dietary effects were significant.
RESULTS AND DISCUSSION
The SBM group gained less weight than did the SBM+Pi group, although daily feed intake did not differ between these groups (Table 2) . Dry weight, specific gravity, and phosphorus content of the femur were higher in the SBM+Pi group than in the control group (Table 3) . Additionally, the amount of retained phosphorus was also higher in the SBM+Pi group than in the control group (Table 4) . The control diet contained only 2.3 g nonphytate phosphorus/kg of diet because the SBM used in the present study contained 5.6 g/kg phytate phosphorus (Table 1) . Because the estimated requirement of nonphytate phosphorus was 4.0 g/kg in Leghorn-type chicks from 0 to 6 wk of age (NRC, 1994), the control group was considered to be deficient in phosphorus. Thus, the control group showed less body weight gain, reduced femoral parameters, and less retained phosphorus than did the SBM+Pi group, which was fed an adequate amount of nonphytate phosphorus. Total phosphorus content in the FSBM diet did not largely differ between the FSBM diet and the control diet. However, the FSBM diet contained 3.9 g/kg of nonphytate phosphorus because phytate phosphorus in the SBM was almost completely degraded into inorganic phosphorus by the fermentation. The content of nonphytate phosphorus did not differ between the FSBM diet and the SBM+Pi diet, which was supplied 0.2% of inorganic phosphorus. Body weight gain, dry weight, specific gravity, and femoral phosphorus content, and the amount of retained phosphorus were larger in the FSBM group than in the control group, and these parameters were not different between the FSBM group and the SBM+Pi group (Table 2 and 3). These results indicated that fermentation improved phosphorus availability in SBM through the degradation of phytate phosphorus and chicks fed the FSBM diet without supplemental inorganic phosphorus did not exhibit phosphorus deficiency; these results were supported by a data in the previous report (Matsui et al., 1996) . Additionally, the substitution of FSBM for SBM is equivalent to the addition of 0.2% inorganic phosphorus.
Although the nutritional status of phosphorus did not differ between the FSBM group and the SBM+Pi group, the amount of excreted phosphorus was much higher in the SBM+Pi group than in the FSBM group (Table 4) . Thus, phosphorus retention (percentage of intake) in the SBM+Pi group was lower than in the FSBM group. The increase of phosphorus in animal wastes is one of the most serious problems in animal waste management and the supplementation of inorganic phosphorus to diets increases the animal feeding cost (Biehl et al., 1995) . The substitution of FSBM for SBM reduced phosphorus excretion without adversely affecting body weight gain and the femoral parameters.
Femoral contents of calcium and magnesium were higher in the SBM+Pi group and the FSBM group than (Table  3) . Phytic acid has been suggested to inhibit availabilities of cations such as calcium (Farkvam et al., 1989; Nelson and Kirby, 1987) and magnesium (Brink et al., 1992; Miyazawa et al., 1996) . On the other hand, calcium absorption was reported to be inhibited by phytic acid when the molar ratio of phytic acid to calcium was more than 0.2 in chicks (Nelson and Kirby, 1987) . Because the molar ratio of phytic acid to calcium was approximately 0.017 in the control diet, phytic acid might not inhibit calcium absorption in the control diet. Jongbloed (1987) suggested that the availabilities of calcium and magnesium were depressed in a SBM-based diet when dietary calcium and magnesium were adequate and dietary phosphorus was inadequate. Availabilities of calcium and magnesium were probably improved by increasing nonphytate phosphorus contents in the SBM+Pi and the FSBM diets, i.e., phosphorus was deficient in the SBM group and thus mineralization of bone was suppressed, which resulted in the lower contents of calcium and magnesium in the femur of this group. In contrast to the control group, phosphorus was adequate in the SBM+Pi and the FSBM groups and thus more calcium and magnesium could be deposited as bone minerals in these groups than in the control group. On the other hand, femoral magnesium content was higher in the FSBM group than in the SBM+Pi group. The difference of femoral magnesium content between the SBM+Pi group and the FSBM group may be due to phytic acid in the SBM+Pi diet. In a previous report, a FSBM-based diet showed higher magnesium availability than SBM-based diet in rats when the diets contained adequate level of phosphorus .
In conclusion, fermentation of soybean meal increased phosphorus availability and reduced phosphorus excretion without affecting growth of chicks. Using the FSBM as substitute for regular SBM appeared to save 0.2% of dietary inorganic phosphorus.
